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Certified copy of Priority Documents) 
[ ] English translation documents 
Information Disclosure Statement 
[ ] Copy of cited references 

[X] Copy of PTO- 1449 filed in parent application serial No. 08/231.229 . 

Preliminary Amendment 

Return receipt postcard (MPEP 503) 
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This is a [X] continuation [ ] divisional [ ] continuation-in-part (C-I-P) of prior application serial no. 
08/231.229 . 

[ ] Cancel in this application original claims of the parent application before 

calculating the filing fee. (At least one original independent claim must be retained for filing 
purposes.) 

[X] A preliminary Amendment is enclosed. (Claims added by this Amendment have been properly 
numbered consecutively beginning with the number following the highest numbered original 
claim in the prior application. 

The status of the parent application is as follows: 

[ ] A Petition For Extension of Time and a Fee therefor has been or is being filed in the parent 

application to extend the term for action in the parent application until . 

[ ] A copy of the Petition for Extension of Time in the co-pending parent application is attached. 

[X] No Petition For Extension of Time and Fee therefor are necessary in the co-pending parent 
application. 

Please abandon the parent application at a time while the parent application is pending or at a time when 
the petition for extension of time in that application is granted and while this application is pending has 
been granted a filing date, so as to make this application co-pending. 

[ ] Transfer the drawing(s) from the patent application to this application. 
Amend the specification by inserting before the first line the sentence: 

This is a [X] continuation [ ] divisional [ ] continuation-in-part of co-pending application Serial 
No. 08/23 1.229 filed April 21. 1994 . 
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Multiple Dependent Claims 
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Additional Fee = 
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$0 



Total: $ 760.00 

[ ] A statement claiming small entity status is attached or has been filed in the above-identified parent 

application and its benefit under 37 C.F.R. § 1 .28(a) is hereby claimed. Reduced fees under 37 C.F.R. 
§ 1.9(F) (50% of total) paid herewith $ . 

[X] A check in the amount of $ 760.00 in payment of the application filing fees is attached. 

[ ] Charge Fee(s) to Deposit Account No. 13-4500. Order No. . A DUPLICATE COPY OF 

THIS SHEET IS ATTACHED. 

[X] The Assistant Commissioner is hereby authorized to charge any additional fees which may be required for 
filing this application, or credit any overpayment to Deposit Account No. 13-4500, Order No. 2016- 
4005US1. A DUPLICATE COPY OF THIS SHEET IS ATTACHED. 
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Applicants : Blake, M. et al. Group Art Unit: To be assigned 

Serial No. : To be assigned Examiner: To be assigned 

Filed : Herewith 

For : GROUP A STREPTOCOCCAL POLYSACCHARIDE 

IMMUNOGENIC COMPOSITIONS AND METHODS 

PRELIMINARY AMENDMENT 

Assistant Commissioner For Patents 
Box: Patent Application 
Washington, D.C. 20231 

Sir: 

Applicants respectfully requests entry of the following Preliminary Amendment. 
Please amend the application as follows: 

IN THE SPECIFICATION 



Page 


11, 


line 


18, delete 


" 10,000" and substitute therefor - 10 


Page 


11, 


line 


19, delete 


"kilodaltons" and substitute therefor — daltons 


Page 


16, 


line 


19, delete 


"an" and substitute therefore — then-. 


Page 


18, 


line 


4, delete " 


or" and substitute therefor — for--. 


Page 


35, 


line 


5, delete " 


10,000" and substitute therefor - 10 


Page 


35, 


line 


10, delete 


"150,000" and substitute therfor - 150 
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IN THE CLAIMS 



Please cancel without prejudice all of the pending claims 1-60. 



Please add the following additional claims: 



-- 61. 



A method of immunizing a mammal against infection by group A 



Streptococcal bacteria comprising administering to an individual an immunogenic amount of 
the polysaccharide of formula (I) 



wherein R is a terminal reducing L-rhamnose or D-GlcpNAc and n is a number from about 3 
to about 30, and wherein the polysaccharide is covalently linked to protein. 

62. The method of immunizing according to claim 61 wherein the group A 
polysaccharide has a molecular weight of about 10 Kd. 

63. The method of immunizing according to claim 62 wherein the group A 
polysaccharide is administered in a dosage amount of about 0. 10 jig to about 10 jag per 
kilogram of body weight. 

64. The method of immunizing according to claim 61 wherein the protein is linked 
to the polysaccharide through a secondary amine bond. 

65. The method of immunizing according to claim 64 wherein the protein is any 
native or recombinant bacterial protein. 

66. The method of immunizing according to claim 65 wherein the protein is selected 
from the group consisting of tetanus toxoid, cholera toxin, diphtheria toxoid, and CRM197. 

67. The method of immunizing according to claim 66 wherein the protein of the 



[->2)-a-L-Rhap-( 1 ->3)-cc-L-Rhap-( 1 ->]n-R 
3 



t 



1 

Ji-D-GlcpNAc 



(I) 
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polysaccharide-protein conjugate is tetanus toxoid. 

68. The method of immunizing according to claim 63 wherein polysaccharide is 
administered with a carrier selected from the group consisting of saline, Ringer's solution and 
phosphate buffered saline. 

69. The method of immunizing according to claim 68 wherein the polysaccharide is 
administered with an adjuvant. 

70. The method of immunizing according to claim 69 wherein the adjuvant is 
selected from the group consisting of aluminum hydroxide, aluminum phosphate, 
monophosphoryl lipid A, QS21 and stearyl tyrosine. 

71 . The method of immunizing according to claim 61 wherein the mammal is 

human. 

72. The method of immunizing according to claim 71 wherein the human is a child. 

73. An immune composition for conferring passive immunity against group A 
Streptococcal bacteria in humans, said immune composition comprising opsonic antibodies 
which are bactericidal in the presence of complement and phagocytes and wherein said 
antibodies are a) obtained from a human; b) bind to polysaccharide of group A Streptococcal 
bacteria of formula (I) 



wherein R is a terminal reducing L-rhamnose or D-GlcpNAc and n is a number from about 3 
to about 30; and c) are present in said composition in an immunoprotective amount. 

74. The immune composition according to claim 73 wherein the antibodies are 
present in serum, a gamma globulin fraction or a purified antibody preparation. 

75. A method of conferring passive immunity against group A Streptococcal 
bacteria comprising administering to a human a pharmaceutical composition comprising 



[^2)-a-L-Rhap-(l->3)-a-L-Rhap-(l^] n -R 
3 



t 



(I) 
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opsonic antibodies which are bactericidal in the presence of complement and phagocytes and 
wherein said opsonic antibodies are a) obtained from a human and b) bind to polysaccharide of 
group A Streptococcal bacteria of formula (I) 

[-»2)-a-L-Rhap-(l->3)-a-L-Rhap-(l^] n -R 
3 

f (I) 
1 

B-D-GlcpNAc 

wherein R is a terminal reducing L-rhamnose or D-GlcpNAc and n is a number from about 3 
to about 30; and c) are present in said pharmaceutical composition in an immunoprotective 
amount. 

76. The method according to claim 75 wherein said opsonic antibodies are isolated 
from sera having a titer greater than about 40,000. 

77. The method according to claim 75 wherein said opsonic antibodies are isolated 
from sera having a titer greater than about 75,000. 

78. The method according to claim 75 wherein said opsonic antibodies are isolated 
from sera having a titer greater than about 100,000. 

79. The method according to claim 76 wherein said opsonic antibodies are isolated 
from sera having a titer greater than about 200,000. 

REMARKS 

Applicants appreciate the Examiner's time for the constructive interview. 
Support for the new claims is shown below: 

Support for claims 61-72 is found in the specification, for example, at page 5, lines 19- 

35. 

Claims 73-79 find support throughout the specification. For example, the specification 
discloses at least two sources of antibodies demonstrated to be bactericidal in the presence of 
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complement and phagocytes and therefore useful for conferring passive immunity. One source 

is individuals immunized with any one of the immunogenic compositions described in the 

specification. Such passive immunity is disclosed, for example, in the specification at page 5, 

lines 32 to page 6, line 4. 

The immunogenic compositions of this invention are capable of 
eliciting active and passive protection against infection by group 
A streptococcal infection. For passive protection, immunogenic 
antibodies are produced by immunizing a mammal with a vaccine 
made of the immunogenic composition of the invention and then 
recovering the immunogenic antibodies from the mammal. 

See also: 

The immunogenic antibodies used for passive protection are 
produced by immunizing a mammal with any of the immunogenic 
composition of the invention and then recovering the bactericidal 
antibodies in a gamma globulin fraction or as serum, or as 
specific antibodies from the mammals. As used herein, the 
vaccines of this invention are capable of eliciting antibodies 
useful or providing protection against infection of group A 
Streptococcal bacteria. 

Page 17, line 33 to page 18, line 6. 

Another source of antibodies disclosed in the application and discovered by the 
applicant to be bactericidal in the presence of complement and phagocytes are individuals who 
have not been vaccinated with any of the immunogenic compositions of this invention but yet 
have titers of antibodies having bactericidal results against group A Streptococcus. 

For example, the specification discloses that antibodies to the group A carbohydrate 
antigen are readily detected in human sera and that the titer of these antibodies is age 
dependent. Page 10, lines 7-12. Furthermore, the specification discloses that these naturally 
occurring antibodies produce a bactericidal effect resulting from their opsonphagocytic 
activity. Page 10, lines 17-22. See also Figure 4 of Example 1 which discloses that the group 
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A carbohydrate antibodies present in human sera are phagocytic and therefore bactericidal 

against group A Streptococcal bacteria. Page 24, lines 1-28. 

Claims 73 through 79 find support in applicants' disclosure which is the first teaching 

of the functional equivalence of antibodies raised against the group A Streptococcal 

polysaccharide epitope identified in the instant application and antibodies obtained from 

individuals with naturally acquired immunity. In addition, the specification discloses that both 

naturally occurring antibodies and those raised in response to the claimed vaccines are 

opsonophagocytic and lead to a bactericidal response in the presence of complement and 

phagocytes. According to the specification, antibodies from the sera of an individual may be 

isolated using N-acetylglucosamine coupled sepharose beads as follows: 

Absorption of N-acetylglucosamine antibodies from human sera : 
600 jul of a 50% suspension of a N-acetylglucosamine coupled to 
Sepharose beads (Sigma Chemical Co.) in PBS was placed into a 
sterile eppendorf tube and centrifuged at 4°C at 14,000 RPM for 
10 minutes. The supernatant was removed and 300 pel of serum 
added to the beads. The suspension was rotated end over end for 
1 hour at 37°C. Following a second centrifugation under the 
same conditions, the absorbed serum was removed and used in 
the bactericidal assay as described previously. To remove the 
N-acetylglucosamine antibodies from the affinity column, the 
beads containing the absorbed antibodies were packed in a 1 ml 
tuberculin syringe over which a solution of 0.58% (v/v) glacial 
acetic acid in 0.15 M NaCl, pH 2.2 is passed. The eluant is 
monitored by absorption at 280 nm and the peak fractions 
collected, dialyzed against PBS, pH 7.2, and concentrated back 
to the original volume of serum using an Amicon centriprep 30 
concentrator (Amicon, Beverly, MA). 

Example 1, page 22, lines 16-34. 

The claims find support in the specification which provides the first evidence that 

naturally occurring antibodies are targeted against the N-acetylglucosamine portion of group A 
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Streptococci polysaccharide. It also provides the first evidence that they can be used to 

produce passive immunity because they produce a bactericidal response in the presence of 

complement and phagocytes. 

Absorption Experiments : In an effort to determine which part of 
the streptococcal carbohydrate moiety was responsible for the 
bactericidal activity, human sera were absorbed with 
N-acetylglucosamine coupled sepharose beads as described in the 
methods section. Absorbed and non-absorbed sera were then 
used in the standard bactericidal assay. Figure 7 shows the 
results of these experiments. The unabsorbed serum clearly 
enhanced phagocytosis of the streptococci. In contrast, the serum 
absorbed with the N-acetylglucosamine coupled beads removed 
the opsonizing antibodies. As a viability control, normal rabbit 
serum did not enhance phagocytosis. These experiments indicate 
that the antibodies directed against the non-reducing terminal 
N-acetylglucosamine residue on group A carbohydrate were 
extremely important in the opsonophagocytosis of group A 
Streptococci in our bactericidal assays. To confirm these results, 
the antibodies from selected sera which had been absorbed to the 
N-acetylglucosamine affinity column were eluted and used in the 
bactericidal assay. As also shown in Figure 9, these experiments 
demonstrated that N-acetylglucosamine specific antibodies eluted 
from the affinity column were capable of partially restoring the 
opsonophagocytic bactericidal activity of the serum. 
Using methods designed to measure both precipitating and 
non-precipitating antibodies reactive to group A Streptococcal 
carbohydrate, this carbohydrate was covalently linked to 
phosphatidylethanolamine and incorporated into a liposome 
capable of binding to microtiter plates. This method clearly 
demonstrates that the majority of human sera contain antibodies 
to group A Streptococcal polysaccharide. 

Example 1, page 25, line 31 to page 26, line 26. 

Claims 76 through 79 relating to the use of antibodies from serum having specific titers 

above 40,000, 75, 000, 100,000 or 200,000 are supported by the specification, for example, in 

Figure 7, Figure 9 and Example 1, page 25, lines 1-6. Figure 7 shows 80% killing in the 

bactericidal assay by serum having titers over 200,000. Although the specification reports that 
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some of the serum with titers of about 40,000 were not bactericidal, the specification also 

states that "[o]ne serum with a CHO titer of 40,000 did promote phagocytosis but the degree 

of killing was far less than that observed with high titered anti-CHO sera." Page 25, lines 4- 

6. Figure 9 shows the opsonophagocytic index of rabbit serum. Although it is noted that 

there was a lack of phagocytosis with serum having titers less than 50,000, it is noted that a 

gradual increase in phagocytosis with serum having titers of 75,000 and complete phagocytosis 

with serum having titers of 100,000. 

Evidence regarding the antibody titer and bactericidal activity of naturally occurring 

antibodies is further disclosed as follows: 

The question of whether these carbohydrate antibodies promote 
opsonophagocytosis of group A Streptococci has been answered 
affirmatively and the degree of opsonization correlated well with 
the level of anti-carbohydrate antibodies. ELISA titers of less 
than 100,000 were generally ineffective while the majority of 
sera with titers greater than 200,000 promoted phagocytosis. An 
important observation was the fact that this opsonophagocytosis 
was not limited to one serotype of group A Streptococci since at 
least three other strains of different serotypes were also 
phagocytized. The importance of the role of the N-acetyl- 
glucosamine reactive antibodies in opsonization was attested to 
by the fact that the absorption of these antibodies from human 
sera completely abolished the bactericidal activity of the sera and 
that, when these antibodies were eluted and added back to the 
bactericidal assays, killing was restored. 

Page 27, line 24 to page 28, line 5. 

The claims are further supported in the specification by Example 1 which describes 
bactericidal assays that include the presence of complement and phagocytes which participate 
in the opsonophagocytic response resulting in killing of the streptococcal bacteria. 
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Patentability of the additional claims over the prior art is based on the same grounds 
relied on for the presently allowed claims in the parent application. As explained by Dr. 
McCarty (Declaration attached as Exhibit 1), prior to applicants' invention the prior art did not 
consider antibodies to the carbohydrate portions of group A Streptococcal bacteria to be 
passively protective. Thus, the art provided no motivation to use antibodies to the 
carbohydrate portions of group A Streptococcal bacteria against group A Streptococcal 
infection. 

In view of the above, applicants believe the claims stated above are supported. No new 
matter is added by this amendment. Entry thereof is respectfully requested. 



No additional fees are believed necessary with this submission, however, if fees are 
required please charge any fees required in connection with this submission to Deposit 
Account No. 13-4500, Order No. 2016-4005US1. 



Mailing Address: 

MORGAN & FINNEGAN, L.L.P. 

345 Park Avenue 

New York, New York 10154 

(212) 758-4800 

(212) 751-6849 Telecopier 

FORM: IDS.NY/Rev. 10/3/94 



AUTHORIZATION 



Respectfully submitted, 



MORGAN & FINNEGAN, L.L.P. 



Dated: December 8, 1998 




Registration No. 43,155 



436416 1 



-9- 



V 

Express Mail EF440372584US 
o 2016-4005 - PATENT 



5 



10 



15 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES PATENT APPLICATION 

Of: MILAN S. BLAKE, JOHN B. ZABRISKIE, 
JOSEPH Y. TAI AND FRANCIS MICHON 

For: GROUP A STREPTOCOCCAL POLYSACCHARIDE 
IMMUNOGENIC COMPOSITIONS AND METHODS 



20 



25 



30 



35 



FIELD OF THE INVENTION 



This invention relates to the field of novel 
immunogenic compositions, processes for producing them and 
methods for immunization of warm-blooded animals, 
including humans, against infections and disease caused by 
group A Streptococci. 

BACKGROUND OF THE INVENTION 

Group A Streptococcal disease as shown by the rate of 
infections by age group is a childhood disease (1-3), 
Much like the other diseases in this category such as 
meningococcal (4) and Haemophilus meningitis (5), 
diphtheria (6) and others (7,8), the majority of cases 
occur in young children and the rate of infection 
decreases with age. Thus, by the age of eighteen years, 
the incidence of group A Streptococcal infections is 
relatively low (1-3). This would suggest that some type 
of natural immunity to this group of organisms may occur 
over time much like that found with other childhood 
infections. 

In experiments extending over several decades, 
Lancefield and colleagues (9-11) established that the vast 
majority of hemolytic streptococci infecting humans were 
group A. This distinction was based on serological 
reactions to group A Streptococcal carbohydrate. Later 
studies reported that the immunodominant determinant was 
N-acetylglucosamine (12,13). Using mouse protection tests 
and precipitin assays, these group A Streptococci were 
further sub-divided into serotypes based on the presence 
of antigenically different M proteins present on the 
surface of the organism. It has been clearly shown that 
antibodies directed against a specific M serotype are 
protective in a mouse model of infection (14). In humans, 

Express Mail Label No.: 
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recovery from group A Streptococcal infection is often 
associated with long lasting immunity which is type 
specific to the infecting organism (11) • But in both 
cases, the protection is M serotype-specif ic and does not 
extend to protection against other serotypes. In 
addition, it has been demonstrated in numerous studies 
that human sera rarely contain multiple M protein serotype 
specific antibodies (11,15). These classical experiments, 
both in humans and experimental animals, established an 
important role of the M protein in the virulence of group 
A Streptococci and have formed the basis for numerous 
unsuccessful attempts to develop streptococcal vaccines 
that would elicit protective antibodies either toward the 
amino-terminal portion of the M protein in which the 
serotypic specificity resides or more recently to the 
common C-repeat regions of the molecule (16) . 

However, in view of the age related nature of group A 
infections which suggests a rise in natural immunity to 
this group of bacteria, the question remains whether this 
represents a slow rise in antibodies directed at more 
common regions on the M protein or whether other surface 
antigens which have received less attention might play a 
role in this naturally acquired nonserotype specific 
protection. For example, the hyaluronic acid capsule 
plays an important role in the virulence of group C 
infections in guinea pigs (17) and anti-hyaluronate 
antibodies have been detected in animals (18, 34) and 
humans (19) . Hyaluronic acid from group A Streptococci 
was reported as being immunogenic in rabbits after 
immunization with formalized, encapsulated group A 
Streptococci or bound to liposomes (18) . Use of liposomes 
in vaccines has also been reported (31) . Injection of the 
mucopeptide fractions of the streptococcal cell wall 
induces a short lived protection in experimental animals 
(20) but its role in humans remains unknown. 
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The group specific carbohydrate consists of a 
poly-rhamnose backbone to which, in the case of Group A, 
an N-acetylglucosamine is present at the non-reducing 
terminal position (Figure la) . Group A variant 
streptococci have been described and characterized 
(12,13). In these streptococci, the poly-rhamnose 
backbone is present but remains undecorated by N- 
acetylglucosamine (Figure lb) • In early experiments, 
rabbits were injected with whole group A Streptococci 
lacking M protein and this was shown to elicit 
precipitating antibodies to the group A carbohydrate. 
However, these antibodies were not passively protective 
against an M protein positive group A Streptococcal 
challenge in passive mouse protection studies (14) . 
Furthermore, several earlier attempts to demonstrate 
similar precipitating antibodies in humans were 
unsuccessful, suggesting that precipitating carbohydrate 
antibodies did not play a significant role in protection 
against streptococcal infections. 

However, because most of the early methods to detect 
a rise in antibodies depended on the ability of these 
antibodies to become precipitable with the addition of 
antigen, many antibodies which none-the-less were reactive 
with a specific antigen but did not precipitate in such 
assays, were left undetected. Antibodies reactive to the 
hyaluronic acid capsule of group A Streptococci provide 
one good example. In studies focused on eliminating this 
problem, a series of reports beginning in 1965 (21,22) 
employed both direct and indirect agglutination techniques 
to detect antibodies. Direct agglutination detected 
precipitating antibodies while the indirect agglutination 
would measure both precipitating and non-precipitating 
antibodies. Of interest was the demonstration by Karakawa 
et al (22) that the direct agglutinating antibodies, i.e. 
the precipitating antibodies, in these human sera were 
directed primarily against group A variant carbohydrate, 
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the poly-rhamnose backbone, while the indirect 
agglutination techniques directed at the non-precipitating 
antibodies detected a high titer of antibodies to the 
N-acetylglucosamine determinant. 

Subsequent studies by Zimmerman et al (23) , employing 
human sera from a variety of streptococcal infections, 
indicated that the incidence of these non-precipitating 
antibodies varied from a low of 30 % in a population, 
which had been carefully followed and treated for 
streptococcal infections, to a high of 84% in a population 
recently infected with group A Streptococci. They also 
noted that antibody titers to the group A carbohydrate 
peaked at age 17 and that there was no difference in 
antibody titers to this carbohydrate in rheumatics with 
and without heart disease. These results differed from 
those reported by Dudding and Ayoub in which anti-group A 
carbohydrate antibodies were persistently elevated in 
rheumatic heart disease patients compared to those without 
valvular damage (24) . 

The question of whether or not these antibodies play 
a role in protection has been difficult to assess. The 
classic opsonophagocytosis assay of Lancefield used 
selected whole human blood (15,25,26) to which hyperimmune 
rabbit sera with known M protein serotype specific 
antibodies were added. The selection of the whole human 
blood was based on two facts; (1) it contained no M 
protein reactive antibodies and/or (2) would not promote 
phagocytosis of streptococci in the absence of the 
serotype specific rabbit antiserum. The question whether 
the normal human sera per se could enhance phagocytosis 
was never really addressed. 
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SUMMARY OF THE INVENTION 



This invention provides an immunogenic composition 
for protecting mammals against infection by group A 
Streptococcal bacteria. The immunogenic composition 
comprises an immunogenic amount of group A Streptococcus 
polysaccharide (GASP) having the following structure: 

[-2 ) -a-L-Rhap- ( 1-3 ) -a-L-Rhap- ( 1-] n R; 

3 

* (I) 
1 

6-D-GlcpNAc 

wherein R is a terminal reducing L-rhamnose or D-GlcpNAc 
and n is a number sufficiently large to define a 
polysaccharide of sufficient average molecular weight to 
provide an immunogenic response to the 6-D-GlcpNAc residue 
glycosidically linked to position 3 of rhamnose and a 
carrier. This region of the GASP defines an epitope which 
induces the formation of bactericidal antibodies. 

The GASP which is present in the immunogenic 
compositions may be in the form of free polysaccharide or 
as a component of a conjugate in which the GASP is 
covalently linked to phospholipid capable of forming a 
liposome or a protein. Native or recombinant bacterial 
protein such as tetanus toxoid, cholera toxin , diphtheria 
toxoid, or CRM 197 are examples of suitable proteins useful 
as conjugates. In another embodiment an immunogenic 
protein is incorporated into the liposome containing GASP 
covalently linked to phospholipid. 

The immunogenic composition is also useful as a 
vaccine and may further comprise an adjuvant such as 
aluminum hydroxide, aluminum phosphate, monophosphoryl 
lipid A, QS21 or stearyl tyrosine. The immunogenic 
composition of this invention are capable of eliciting 
active and passive protection against infection by group A 
streptococcal infection. For passive protection, 
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immunogenic antibodies are produced by immunizing a mammal 
with a vaccine made of the immunogenic composition of the 
invention and then recovering the immunogenic antibodies 
from the mammal. 

This invention also provides methods of immunizing a 
mammal against infection by group A Streptococcal bacteria 
by administering an immunogenic amount of the compositions 
of the invention. 

In another embodiment, this invention provides a 
method of making an immunogenic composition comprising 
covalently linking GASP to liposomes; dissolving the 
liposomes in a buffer suitable for solubilizing 
hydrophobic proteins; combining the dissolved liposomes 
with protein dissolved in buffer to form a complex of 
liposomes and protein. The protein/ liposome complex is 
then separated from the buffer. 

An object of this invention is to provide immunogenic 
compositions useful for raising antibodies which have 
application for prophylactic and diagnostic purposes. 
Another object of this invention is to provide a method 
for immunizing a mammal against group A Streptococcal 
bacteria by administering an immunogenic amount of GASP, 
Another object is to provide methods of covalently linking 
the GASP to a protein to form an immunogen conjugate. In 
a preferred embodiment, the conjugate has a formula of: 

[-2 ) -a-L-Rhap- ( 1-3 ) -a-L-Rhap- ( l-] n R' -CH 2 -NH-protein 

3 

t (I) 

1 

B-D-GlcpNAc 

wherein R' is the product of reduction and oxidation of 
the terminal reducing sugar. A further object of this 
invention is the use of the immunogenic compositions to 
provide protection against infection by group A 
Streptococcus in those populations most at risk of 
contracting group A Streptococcal infections and disease 
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namely adults, pregnant women and, in particular, infants 
and children. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 schematically represents the structural design 
of group A carbohydrate and the group A Variant 
carbohydrate. The depiction of the three dimensional 
structure of the group A carbohydrate clearly supports the 
observation that the serological specificity of the 
carbohydrate is directed towards the N-acethylglucosamine 
moiety of the carbohydrate. 

Fig. 2 graphically illustrates the ELISA titer 
determinations of group A Streptococcal carbohydrate 
antibodies in normal children at the age of 5 and 10 years 
old from Trinidad and New York. The readings were end 
point determinations of 1.0 OD at 405 nm. 

Fig. 3 graphically illustrates the inhibition ELISA 
studies with human sera known to have antibodies reactive 
to the Group A- liposomes. The sera were appropriately 
diluted to give a value of 1.0 OD units at 405 nm and 
mixed with varying concentrations of different antigens 
for 1 hr at 37°C, centrifuged for 5 min at 10,000 rpm. 
The supernatants were tested for reactivity in the ELISA 
assay as described in Example 3. The data represents the 
average of sera tested. 

Fig. 4 graphically illustrates the indirect 
bactericidal assay using washed human blood to which 
various sera were added to the tubes containing RPMI and 
complement as outlined in Example 1. The initial inoculum 
was nine CFU of group A- type 6 Streptococci. Panel A 
shows the growth of the organism in the rotated tubes 
containing normal rabbit serum. Panel B shows the growth 
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in stationary tubes with human serum having a high ELISA 
titer reactive to the group A carbohydrate. Panel C shows 
the inhibition of growth with the same human serum as in 
Panel B but in a rotated tube. 

Fig. 5 graphically illustrates the indirect 
bactericidal assays as described in Fig. 4. The organisms 
were a serotype 3 (strain D58/11/3) , a serotype 6 (strain 
S43) , a serotype 14 (strain S23/101/5), and a serotype 28 
(strain T28/isoA/5) . The left axis depicts the number of 
colony forming units in the rotated verses the stationary 
tubes. The right axis denotes the percentage in killing 
of the organisms in the rotated versus the stationary 
tubes. 

Fig. 6 graphically illustrates the effect of heparin 
on indirect bactericidal assays. The indirect 
bactericidal assay was performed as described but in 
duplicate. Heparin (5 units/ml) was added to one set of 
stationary and routed tubes, while the other set of tubes 
served as the normal bactericidal assay controls. The 
standard amount of heparin used in bactericidal assays 
fashioned after that described by Lancefield is 10 
units/ml (33-35) . As can be seen, heparin, at half the 
usually described concentration, drastically reduces the 
amount of anti-Group A carbohydrate antibody dependent 
killing. 

Fig. 7 graphically illustrates bactericidal assays of 
anti-group A assays carbohydrate titers as measured in the 
ELISA assay. 17 individual human sera were tested in both 
assays using the serotype 6 organisms. Note that all sera 
(13/13) exhibiting a CHO titer areater than 200,000 
exhibit greater than 80% killing in the bacterial assay. 
In contrast, only one out of 4 sera with titers less than 
200,000 promoted opsonophagocytosis of the organisms and 
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the degree of phagocytosis was much less than that 
observed with sera of higher titer. 

Fig, 8 graphically illustrates opsonophagocytic 
bactericidal assays as described in Example 1. 
Phagocytosis of the organisms is depicted in percentage of 
killing of the organism compared to the stationary 
controls. Bars indicate percent killing before adsorption 
with the N-acetylglucosamine affinity column, after 
absorption with the affinity column, and percent killing 
of antibodies eluted from the column. Note the complete 
absence of killing of all sera after absorption with the 
N-acetylglucosamine affinity column and the partial 
recovery of the opsonophagocytic bactericidal activity 
after elution of the antibodies from the affinity column. 
The standard error is shown in each case except in the 
absorbed sera where there was a complete lack of killing. 

Fig. 9 graphically illustrates the opsonophagocytic 
index of a rabbit serum known to have high titers of anti- 
Gr.A carbohydrate antibodies after immunization with group 
A streptococcal carbohydrate. Phagocytosis of the 
organisms is depicted as percentage of killing of the 
organism compared to the stationary controls. Note the 
lack of phagocytosis of the organism with titers <50 ; 000, 
a gradual increase in killing with titers of 75,000 and 
complete phagocytosis with titers above 100,000. The 
organism used for these studies was a group A type 6 
strain and the inoculum was 4 colony forming units. 

DETAILED DESCRIPTION OF THE INVENTION 

In view of the known serological data detecting 
carbohydrate antibodies in human sera, coupled with the 
age related induction of protection by other carbohydrate 
antigens, namely, pneumococcal (27) meningococcal (4), and 
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Haemophilus polysaccharides (5) , we decided to reexamine 
various human sera for the presence of carbohydrate 
antibodies in both normal populations and in those with 
streptococcal infections. Also included in these studies 
were patients with post streptococcal sequelae. Purified 
group A carbohydrate was covalently linked to synthetic 
phosphatidylethanolamine, incorporated into liposomes, and 
used in an ELISA based assay. This invention demonstrates 
that antibodies to the group A carbohydrate antigen are 
readily detected in human sera. Furthermore, depending on 
the geographical population and exposure to streptococcal 
disease, the amount of these antibodies has an age related 
dependence. A rise in antibody titer to the group A 
carbohydrate was also demonstrated following a known 
streptococcal infection. To address the question whether 
or not these antibodies or a portion of these antibodies 
reactive to the group A carbohydrate could promote 
opsonophagocytosis, we used a modified Lancefield 
bactericidal assay. The resulting data demonstrate that 
these antibodies are opsonic and the epitope to which 
these opsonic group A carbohydrate antibodies are directed 
are the non-reducing terminal N-acetylglucosamine 
residues . 

The invention provides both an immunogenic 
composition and method of immunization for protection in 
mammals, preferably humans, against infection by group A 
Streptococcal bacteria. The immunogenic conjugates of 
this invention are formed by covalently attaching group A 
Streptococcus polysaccharide (GASP) to a suitable protein 
or liposome forming phospholipid. 

Isolation and growth of group A Streptococcus and 
preparation of the group A polysaccharide is accomplished 
according to the procedures as described by McCarty (28) 
and Dubois et al. (31) which are incorporated herein by 
reference. The isolated GASP has the following chemical 
structure: 
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[-2 ) -a-L-Rhap- ( 1-3 ) -a-L-Rhap- ( 1-*] n R 

3 

T (I) 
1 

S-D-GlcpNAc 

wherein R is a terminal reducing L-rhamnose or D-GlcpNAc 
and n is a number of repeat units sufficiently large to 
define a polysaccharide of sufficient average molecular 
weight to be immunogenic. Preferably n is from about 1 to 
about 50. Even more preferably, n is from about 3 to 
about 30 with an optimal amount of about 20. As used 
herein, the term polysaccharide is meant to include any 
polymer of saccharides and includes disaccharides, 
oligosaccharides, etc. Cultures of group A variant 
Streptococcus, which produce the above polysaccharide 
structure are deposited with the American Type Culture 
Collection, Rockville, MD. GASP should be of sufficient 
size to elicit an immunogenic response in individuals. 
Most preferably the average molecular weight is about 
10,000 kilodaltons. A single repeat amount of the GASP 
has a molecular weight of about 500 kilodaltons. 

In a preferred embodiment of the inventor, the GASP 
is covalently bound to protein to form a conjugate. Such 
conjugates preferably convert the immunogenic response to 
the polysaccharide for one which is T-cell independent to 
T-cell dependent. Accordingly, any protein or fragment 
thereof which is tolerated by the individual and capable 
of eliciting a T-cell dependent response is suitable for a 
conjugatory to GASP. Essentially any protein could serve 
as a conjugate protein. Specifically the selected protein 
must possess at least one free amino group for use in 
conjugation with the group A polysaccharide. Preferably, 
the protein is any native or recombinant bacterial protein 
and is itself an immunogen eliciting T-cell dependent 
responses in both young and adult mammals. Examples of 
such proteins include, but are not limited to, tetanus 
toxoid, cholera toxin, diphtheria toxoid and CRM l97 . Other 
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candidates for conjugate proteins include toxins or 
toxoids of pseudomonas, staphylococcus, streptococcus, 
pertussis and entertoxigenic bacteria including 
Escherichia coli. 

In a preferred embodiment, the conjugate molecules of 
this invention comprise a protein core to which the GASP 
are bound through a modified form of the terminal reducing 
sugar. Such conjugate molecules would therefore comprise 
monofunctionalized GASP bound protein. Preferably a 
plurality of GASP, more specifically between about 1 and 
12 GASP are bound to each protein. Most preferably, at 
least about 5 GASP are bound to each protein. 

In another embodiment GASP are bound to protein 
through two or more sites on each GASP. Since the 
bactericidal epitope appears to be present on the branches 
of the GASP repeat units, functionalization of the GASP 
and linkage to protein should be effected in a manner 
which preserves an immunogenic amount of bactericidal 
epitope. 

The proteins to which the GASP is conjugated may be 
native toxin or a detoxified toxin (i.e. toxoid). Also, 
non-toxic mutational forms of protein toxins may also be 
used. Preferably, such mutations retain epitopes of the 
native toxin. Such mutated toxins have been termed "cross 
reacting materials", or CRMs. CRM^ which has a single 
amino acid change from the active diphtheria toxin and is 
immunologically indistinguishable from it is a component 
of a Haemophilus influenzae conjugate vaccine which has 
been widely used in infants. 

A culture of Corynebacterium diphtheria strain C7 
(3197) , which produces CRM l97 protein, is deposited with 
the American Type Culture Collection, Rockville, Md. 
(accession number ATCC 53281) . 

Fragments of proteins may also be used for 
conjugating to GASP provided they are of sufficient 
length, i.e. preferably at least 10 amino acids to define 
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a T-cell epitope. 

Numerous methods of conjugation may be employed to 
create the group A polysaccharide-protein conjugate of 
this invention. Preferably the method used would be one 
which preserves the immunogenicity of the bactericidal 
epitope present on the /3-D-GlcpNAc branches which are 
glycosidically linked to position 3 of rhamnose. When a 
single GASP bonds two or more protein molecules, the 
resulting conjugate is crossed-linked with respect to the 
protein. The degree of cross-linking and overall size of 
the conjugate molecule may be regulated by routine 
variation in the conditions used during the conjugation 
reaction which are well known to those of ordinary skill 
in the art. Such variations include for example, the rate 
of conjugation reaction and the ratio of proteins and GASP 
present in the reaction mixture. 

Various chemical methods for conjugating 
polysaccharides to protein are known and have been 
described in the art. For example, U.S. Patent 4,644,059 
which is incorporated herein by reference, describes a 
conjugate made using adipic acid dihydrazide (ADH) as a 
homodif unctional linker. U.S. Patent. 4,695,624, which is 
also incorporated herein by reference describes methods of 
preparing polysaccharides and conjugates by using 
bigeneric spacers. A survey of various methods of 
preparation and factors used in designing conjugates is 
discussed in Dick, William E. and Michel Beurret, Contrib. 
Microbiol , Immunol. (1989), Vol. 10, pp. 48-114 and is 
also incorporated herein by reference. The preferred 
method of conjugation for the GASP-protein conjugates of 
this invention is reductive amination as described in U.S. 
Patent 4,356,170 which is also incorporated herein by 
reference. Briefly, in the preferred embodiment, the 
terminal reducing sugar of the GASP is reduced to open the 
ring by using a mild reducing agent, e.g. sodium 
borohydride or its equivalent. 
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Next, selective oxidation with sodium itietaperiodate 
or its equivalent is used to oxidize the terminal vicinal 
hydroxyl groups of the previously reduced sugar moiety 
forming a terminal aldehyde group. This forms an 
activated GASP which is now capable of covalently 
attaching to the selected protein carrier. In another 
embodiment of this invention this activated GASP may also 
be covalently linked to a phospholipid such as 
phosphatidylethanolamine which are in the form of 
liposomes. The chemical structure of the activated GASP is 
as follows: 

[-2) -a-L-Rhap- ( 1-3 ) -a-L-Rhap- ( l->] n R'CHO 

3 
T 
1 

6-D-GlcpNAc 

wherein R' is the product of reduction and oxidation of 
the terminal reducing sugar except for the portion of the 
terminal reducing sugar which forms the aldehyde residue 
(CHO) . Approximately 10 mg of polysaccharide is suitably 
oxidized with about 1 ml of approximately 20 mM sodium 
metaperiodate solution for about 10-15 minutes at room 
temperature. The reaction time can be varied to 
accommodate other amounts of periodate to obtain 
equivalent oxidation. Reduction and opening of the 
terminal reducing sugar causes the vicinal hydroxyl groups 
on the reducing sugar to be much more reactive than those 
present on the glycosidically linked /3-D-GlcpNAc branches. 
However, additional linkage sites may occur as well 
through the oxidation of some of the glycosidically linked 
jS-D-GlcpNAc residues. The activated GASP and the selected 
conjugating protein are then conjugated in the presence of 
cyanoborohydrate ions, or another reducing agent, by 
coupling the amino groups of the carrier protein to the 
terminal aldehyde groups of the GASP. The group A 
polysaccharide and the protein are thereby linked through 
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a -CH 2 -NH- protein linkage as in formula II. 

[-2 ) -a-L-Rhap- ( 1-+3 ) -a-L-Rhap- ( 1-] n R' -CH 2 -NH-protein 

3 
t 
1 

S-D-GlcpNAc (II) 

The resulting GASP-protein conjugates from the reductive 
amination process preferably have limited cross-linking 
and are preferably soluble in aqueous solutions. This 
makes the GASP-protein conjugate of the invention a 
preferred candidate for vaccine use. 

In another embodiment of the invention, GASP are 
embedded in liposomes forming an immunogenic composition. 
Liposomes are often used in conjugates due to their 
ability for inducing a "capping" effect on B- lymphocytes. 
Without being bound by theory, the GASP-liposome 
conjugates are believed to increase antibody titers 
through capping thereby activating B-cell lymphocytes. 
The capping phenomena is well known in the field of 
cellular biology. Briefly, due to the liposomal 
structural features, liposomes are capable of being 
embedded with an antigen, thereby creating multivalent 
immunogenic structures. Since receptor molecules in the 
cell membrane of liposomes are mobile many of these 
receptors can be cross-linked by divalent reagents to form 
areas of two-dimensional precipitation or "patches". 
These patches will coalesce or cluster at the polar ends 
of B-cell lymphocytes forming a cap in the cell membrane 
of the lymphocyte. This act of antigen capping to B-cell 
lymphocytes if done in the presence of effector T-Helper 
cells will activate antibody production by the B-cell 
lymphocytes . 

Various methods for conjugating polysaccharides to 
liposomes are known and have been described in the art. 
For example, U.S. Patent 5,283,185 which is incorporated 
herein by reference, describes the transfer of nucleic 



Express Mail Label No.: 
EI086496261US 



- 16 - 

acids into cells by preparing a mixed lipid dispersion of 
a cat ionic lipid with a co-lipid and then introducing 
nucleic acids into the dispersion forming a complex. 
Cells are then treated with this complex. In a preferred 
embodiment of this invention, liposomes are produced by 
dispersing a lipid in an aqueous solution by either 
injection through a fine needle or preferably by 
sonication as described in Fillit, H.M. Milan Blake, 
Christa MacDonald and Maclyn McCarty (1988) , 
Immunogenicity of liposome-bound hyaluronate in mice, J. 
Exp . Med . 168:971-982, which is incorporated herein by 
reference. 

To prepare a liposomes containing phospholipid 
covalently linked to the GASP component, liposomes are 
formed by known methods. For example, in one embodiment 
of this invention phosphatidylethanolamine is dissolved in 
a solvent such as chloroform and added to a vessel. The 
chloroform solvent is removed thereby coating the vessel 
with phosphatidyl ethanolamine. An aqueous buffer such as 
water or phosphate buffered saline (PBS) is an added to 
the vessel and the mixture is sonicated to form liposomes. 
GASP which has been activated preferably by reduction 
followed by oxidation is then added to the liposomes in an 
equal molar amount and the two components are mixed 
overnight in the presence of any suitable buffer such as 
saline, Ringer's solution or most preferably phosphate 
buffered saline (PBS) . Sodium cyanoborohydride is then 
added to the mixture to form the stable covalent linkage 
between the phosphatidylethanolamine and the GASP 
polysaccharide. The final product as shown in Formula III 
may be separated from the sodium cyanoborohydride by 
centrif ugation, molecular seive chromatography or 
dialysis. 
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[-2 ) -a-L-Rhap- ( 1-3 ) -a-L-Rhap- ( l->] n R' -CH 2 -NH-R 2 

3 

t (III) 

1 

B-D-GlcpNAc 

R' and n in formula III are as previously described and R 2 
is phosphatidylethanolamine. 

In a preferred embodiment the GASP-liposomes are 
combined with protein to incorporate hydrophobic protein 
into the liposomes. According to one method , the GASP- 
liposomes are solubilized in a 5% solution of /?- 
octylglucoside. The protein to be added to the liposome 
is also solubilized in 5% /3-octylglucoside and the protein 
and liposomes are combined. After mixing to incorporate 
the protein into liposome, the /3-octylglucoside is removed 
by dialysis. The resulting GASP-liposome-protein complex 
may then be used as an immunogen or vaccine. 

GASP may also be linked to phospholipids using other 
less preferred techniques such as by using benzoquinone as 
described in Fillit, H.M. , M. McCarty, and M.S. Blake 
(1986) , the induction of antibodies to hyaluronic acid by 
immunization of rabbits with encapsulated streptococci, 
J. Exp. Med. 164:762-776, which is incorporated herein by 
reference. However, the use of such reagents may not be 
desirable if the composition is to be used as a vaccine. 

The immunogenic compositions of the invention may be 
used as a means for raising antibodies useful for 
prophylactic and diagnostic purposes. Diagnostics are 
particularly useful in monitoring and detecting various 
infections and disease caused by group A Streptococci. 
Another embodiment of the invention uses the immunogenic 
compositions as an immunogen for use in both active and 
passive immunogenic protection in those individuals at 
risk of contacting group A Streptococcal infections or 
disease. The immunogenic antibodies used for passive 
protection are produced by immunizing a mammal with any of 
the immunogenic composition of the invention and then 
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recovering the bactericidal antibodies in a gamma globulin 
fraction or as serum / or as specific antibodies from the 
mammals. As used herein, the vaccines of this invention 
are capable of eliciting antibodies useful or providing 
protection against infection of group A Streptococcal 
bacteria. 

Additionally, the group A polysaccharide may be used 
on its own as an immunizing agent preferably associated 
with an adjuvant such as aluminum hydroxide, aluminum 
phosphate, monophosphoryl lipid A, QS21 or stearyl 
tyrosine. A further embodiment of the invention is to 
use the immunogenic compositions as immunogenic protection 
against infection by group A Streptococcus. In 
particular, this invention would provide protection for 
those populations most at risk of contracting group A 
Streptococcal infections and disease namely adults, 
pregnant women and in particular infants and children. 

The immunogenic composition and vaccines of the 
invention are typically formed by dispersing the GASP or 
conjugate in a suitable pharmaceutical^ acceptable 
carrier, such as physiological saline, phosphate buffered 
saline or other injectable liquids. The vaccine is 
administered parenterally , for example subcutaneously, 
intraperitoneally , or intramuscularly. Additives 
customary in vaccines may also be present, for example 
stabilizers such as lactose or sorbitol and adjuvants such 
as aluminum phosphate, aluminum hydroxide, aluminum 
sulphate, monophosphoryl lipid A, QS21 or stearyl 
tyrosine. 

The dose of immunogenic compositions will be that 
which will elicit immunogenically effective results. 
Dosages will normally be within the range of about 0.01 jxg 
to about 10 per kilogram of body weight. A series of 
doses may be given for optimum immunity. Dosage unit 
forms of the vaccine can be provided with amounts of GASP 
or conjugate equivalent to from about 0.01 /zg to about 10 
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/xg micrograms. 

The invention is illustrated by the following non- 
limiting examples. 

Example 1 

The methods for growth, preparation and assay for 
group A Streptococcal carbohydrate antibodies and their 
use as a novel vaccine in adults and children are 
enumerated as follows: 

Growth of group A Streptococcus 

A -70 °C seed stock of group A Streptococcus was 
streaked onto a medium plate which contains 3g/L Todd 
Hewitt Broth and 3 g/L yeast extract (GAS medium) . The 
plate was incubated at 37°C for 48 hrs., at which time, 
colonies (8-9) were transferred to a 200 ml GAS medium 
shake flask and grown for 18 hrs. at 37 °C and 120 rpm. 
The seed culture (150 ml) was transferred to a 15L 
fermentor (New Brunswick, BioFlo 4) in Todd Hewitt Broth. 
The culture is grown for 7-8 hrs. at pH 7.0 and 37°C. 
Glucose was added at 3 g/L when the culture reaches a 
stationary phase (optical density at 600 nm around 1.5). 
The culture was allowed to grow for an additional 8 hrs. 
and harvested. The final optical density is approximately 
2.7 at 600 nm. 

Preparation of group A Streptococcal polysaccharide 

Sixty grams of group A streptococcal cells in 600 ml 
water were combined with 7 5 ml of 4 N sodium nitrite and 
75 ml of glacial acetic acid. The solution was mixed for 
15 minutes and centrifuged for 10 minutes at 11,000 rpm in 
a SS34 rotor. The supernatant was removed, dialyzed 
against water and lyophilized. The group A polysaccharide 
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was purified from the crude lyophilized extract by gel 
filtration through a Sephadex G-50 column (Pharmacia) 
using PBS as eluant. Fractions eluting from the column 
were monitored for the presence of carbohydrate using the 
phenolsulfuric acid assay of Dubois (31) . The 
carbohydrate positive fractions were pooled, dialyzed at 
4°C against water and lyophilized. The polysaccharide 
preparation (240 mg) contained less than 1% (w/w) proteins 
and nucleic acids. Its purity was further confirmed by 
l H-NMR at 500 MHz using an AM-500 BRUKER spectrometer. 

Preparation of Liposomes: Group A Streptococcal 
carbohydrate was isolated by methods previously described 
by McCarty (28). The lyophilized material was 
resuspended, adjusted to 10 mg/ml and covalently linked to 
liposomes using methods previously described by Fillit et 
al. (18) using benzoquinone as a linking agent which is 
incorporated herein by reference for Streptococcal 
hyaluronate. Briefly, GASP is reacted with benzoquinone to 
form an activated intermediate. This intermediate is then 
further reacted with phosphatidylethanolamine in the form 
of liposome to form the immunogenic GASP-liposome 
conjugate . 

ELISA Assays: The ELISA method was essentially that 
described by Fillit et al (18) with the following 
modifications. Preliminary testing with human sera 
indicated that 0.5 CHO/ ml in PBS, pH 7.2 of the 
liposomal preparation to sensitize the microtiter plates 
give the best results with minimal background readings 
against the liposomal control preparations. Accordingly, 
100 fxl of the preparation is placed per well in microtiter 
plates (Dynatech plates, USA) and incubated at 3 7°C 
overnight. The plates were then washed 3x in ELISA wash 
buffer (10 mM NaAcetate, 100 mM NaCl, 0.1% Brij 35, ph 
8.0). The human sera was diluted in the same ELISA buffer 
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and 100/xl of a given serum dilution was placed in the 
plates and incubated 1 hour at 37 °C. All sera were run in 
duplicate. After appropriate washes, 1:1,000 dilution of 
Goat F(ab')2 anti-human IgG (gamma chain specific) or IgM 
(Mu chain specific) , alkaline phosphatase conjugate (Tago f 
Inc., USA) was used as the secondary antibody and incubated 
for an additional hour at 37 °C. After 3 additional washes 
in ELISA buffer, a phosphatase substrate (Sigma 104) in 
0.1 M Diethanolamine, pH 9.6 was added to the wells, the 
plates incubated at 37°C for 1 hour and read on Elida V 
(Physica Co.) instrument at 405 nm. The titer was 
reported as that dilution which gave a reading of 1.0. 

Bactericidal Assays : The indirect bactericidal assay 
described by Lancefield (15,25,26) was performed as 
follows: Organisms of the various strains are grown for 18 
hrs. at 3 7 °C in Todd Hewitt broth. A sample of the 
overnight culture was first diluted 1:2 in fresh Todd 
Hewitt broth and grown for an addition 2 hours at 37°C. 
The suspension was diluted to 1:100 followed by serial two 
fold dilutions in order to deliver between 5-15 colonies 
in 50 fil of Todd Hewitt broth. Heparinized blood was used 
for the source of human phagocytes. In order to avoid the 
presence of autologous plasma in the phagocytic 
suspension, the blood was centrifuged at 2,000 rpm for 10 
minutes, the plasma was removed, the pellet is washed 3X 
in PBS (pH 7.2) and finally resuspended with RPMI 
(Gibco-BRL, Co., Rockville, MD) to the same volume as the 
original blood sample. Complement was supplied to the 
assay system by using freshly isolated serum from a normal 
donor known to contain low amounts of anticarbohydrate 
antibody and which had been repeatedly absorbed at 0°C 
with group A Streptococci and stored in aliquots at -70 °C 
(29) . Prior to use, this source of complement was 
analyzed for both complement activity and the absence of 
group A carbohydrate antibodies. The bactericidal assay 
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was performed in duplicate in sealed tubes. The reaction 
mixture was as follows: 3 00 jj.1 of human phagocytes 
suspended in RPMI, 100 fil human complement, 200 fil of the 
serum to be tested, and 50 111 of the diluted 
streptococcal culture. As in the Lancefield assay, one of 
the duplicate tubes was rotated end over end for 3 hours 
at 37 °C and the second tube, which serves as a control, 
remains stationary at the same temperature. After 3 
hours, 100 fil of each tube was plated on blood agar pour 
plates and incubated overnight at 37 °C. The number of 
colonies on each plate was then counted. The 
opsonophagocytic activity was calculated as the percent of 
streptococcal killing of a particular serum by the 
following equation: (1-cfu in test rotated serum/cfu in 
stationary tube) X 100. 

Absorption of N-acetylglucosamine antibodies from human 
sera : 600 fil of a 50% suspension of a N-acetylglucosamine 
coupled to Sepharose beads (Sigma Chemical Co.) in PBS was 
placed into a sterile eppendorf tube and centrifuged at 
4°C at 14,000 RPM for 10 minutes. The supernatant was 
removed and 3 00 fil of serum added to the beads. The 
suspension was rotated end over end for 1 hour at 37°C 
Following a second centrif ugation under the same 
conditions, the absorbed serum was removed and used in the 
bactericidal assay as described previously. To remove the 
N-acetylglucosamine antibodies from the affinity column, 
the beads containing the absorbed antibodies were packed 
in a 1 ml tuberculin syringe over which a solution of 
0.58% (v/v) glacial acetic acid in 0.15 M NaCl, pH 2.2 is 
passed. The eluant is monitored by absorption at 280 nm 
and the peak fractions collected, dialyzed against PBS, pH 
7.2, and concentrated back to the original volume of serum 
using an Amicon centriprep 3 0 concentrator (Amicon, 
Beverly, MA) . 
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Human Sera: Individuals included in this study were from 
Trinidad, New York City, and the Great Lakes Naval 
Training Station. Their ages ranged from 5-20 yrs. Blood 
was obtained by venipuncture and serum collected using 
standard sterile techniques. All sera were age, origin 
and health condition matched as shown in Table I. 



TABLE I 
Population Distribution 



Patients 


Age 
(Years) 


No. Of 

Patients 


Normal Children - Trinidad 


5 


36 


Normal Children - Trinidad 


10 


16 


Normal Children - New York 


5 


32 


Normal Children - New York 


10 


22 


Rheumatic Fever - Trinidad 


7 


19 


Nephritis - Trinidad 


4 


18 


Uncomplicated Scarlet Fever 


18-20 


6 


Complicated Scarlet Fever (ARF) 


18-20 


5 
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Bactericidal Assays: Having established that human sera do 
contain group A carbohydrate antibodies and that the 
titers of these antibodies do vary in individuals, we next 
addressed the question of whether these antibodies would 
also promote opsonophagocytosis in an in vitro assay 
system. The bactericidal assay was essentially that used 
by Dr. Lancefield (15,25,26) for testing human sera with 
the modifications as outlined above. Figure 4 is 
illustrative of the results of the phagocytic assays. 
Using an inoculum of nine colony forming units of a 
serotype 6 group A Streptococcal strain, there was a 
marked increase in the number of colonies in the rotated 
tubes in the presence of normal rabbit serum (Panel A) . 
Panel B shows a slight increase in the stationary tube in 
which the human serum was used. In marked contrast, the 
rotated tube containing the human serum (Panel C) 
completely abolished the growth of the organisms (compare 
Panel B and C) . 

To be sure that the observed opsonophagocytosis of 
group A Streptococci was not limited to one serotype, 
these experiments were repeated using three other group A 
strains of differing M protein serotypes. As seen in 
Figure 5, all of the other three strains were phagocytosed 
in the presence of human sera in a manner similar to that 
observed for the type 6 strain. The percentage of killing 
varied for 8 0-100% when the rotated versus stationary 
tubes were compared. The serotype 3, 14, 28 strains are 
the identical strains utilized by Dr. Lancefield in her 
phagocytic assays (15,25,26). 

Relationship between the Anti-CHQ Titers and 
opso nophagocytosis by human sera : Employing the 
phagocytic assay, it is clear that human sera differed in 
their ability to promote phagocytosis of group A 
Streptococci. In general the phagocytic properties of a 
given serum correlated with the titers of the antigroup A 
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carbohydrate antibodies . As seen in Figure 6, all sera 
exhibiting titers greater than 200,000 exhibited greater 
than 8 0% killing, while three out of the four sera with 
titers less than 2 00,000 did not. One serum with a CHO 
titer of 40,000 did promote phagocytosis but the degree of 
killing was far less than that observed with high titered 
anti-CHO sera. 

Studies of phagocytosis by human sera in heparinized blood 
versus heparin free assays : Because of the known ability 
of heparin to bind and inactivate numerous components of 
complement and to correlate our phagocytic assay with 
those which had been previously used, the opsonophagocytic 
abilities of normal human sera described above were tested 
in phagocytic assays in the presence and absence of 
heparin. Heparinized human blood was drawn by 
venipuncture, washed extensively in PBS as described above 
and divided into two aliquots. One aliquot was 
resuspended to the original volume with RPMI and the 
opsonic assay was performed as described above. The 
second aliquot was treated in the same manner but with the 
addition of 5 units per ml of heparin following which the 
assay was carried out in the same manner as the other 
aliquot. 

The results depicted in Figure 6 reveal that in the 
absence of heparin there was on average 94% phagocytosis 
of the Group A streptococci by the human serum. However, 
in the presence of heparin, the same serum was only able 
to achieve an average 12% phagocytosis of the same 
inoculum. 

Absorption Experiment s : In an effort to determine which 
part of the streptococcal carbohydrate moiety was 
responsible for the bactericidal activity, human sera were 
absorbed with N-acetylglucosamine coupled sepharose beads 
as described in the methods section. Absorbed and 
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non-absorbed sera were then used in the standard 
bactericidal assay. Figure 7 shows the results of these 
experiments. The unabsorbed serum clearly enhanced 
phagocytosis of the streptococci. In contrast, the serum 
absorbed with the N-acetylglucosamine coupled beads 
removed the opsonizing antibodies. As a viability 
control, normal rabbit serum did not enhance phagocytosis. 
These experiments indicate that the antibodies directed 
against the non-reducing terminal N-acetylglucosamine 
residue on group A carbohydrate were extremely important 
in the opsonophagocytosis of group A Streptococci in our 
bactericidal assays. To confirm these results, the 
antibodies from selected sera which had been absorbed to 
the N-acetylglucosamine affinity column were eluted and 
used in the bactericidal assay. As also shown in Figure 
9, these experiments demonstrated that N-acetylglucosamine 
specific antibodies eluted from the affinity column were 
capable of partially restoring the opsonophagocytic 
bactericidal activity of the serum. 

Using methods designed to measure both precipitating 
and non-precipitating antibodies reactive to group A 
Streptococcal carbohydrate, this carbohydrate was 
covalently linked to phosphatidylethanolamine and 
incorporated into a liposome capable of binding to 
microtiter plates. This method clearly demonstrates that 
the majority of human sera contain antibodies to group A 
Streptococcal polysaccharide. 

Surprisingly we found that children from different 
geographical locations exhibited marked differences in 
their titers to the group A carbohydrate. While the 
amount of streptococcal exposure (both impetigo and 
pharyngitis) is greater in Trinidad compared to New York, 
streptococcal infections are also common in New York. In 
this context, Zimmerman et al. (23) did note lower group A 
carbohydrate antibody titers in patients being carefully 
monitored and treated for group A Streptococcal infections 
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compared to a non-monitored group. Furthermore, 
carbohydrate antigens in general are T cell independent 
and it is thus conceivable that repeated exposure to the 
antigen is needed to elicit the antibody response. 

The studies with sera obtained from patients during 
the acute and convalescent stages of scarlet fever suggest 
that the antibody titers to group A Streptococcal 
carbohydrate were already present at the onset of disease 
but did increase two-fold during the convalescence. When 
ARF sera following acute streptococcal infection were 
examined, the titers to the group A carbohydrate were 
lower at the time of presentation with the onset of 
scarlet fever compared to uncomplicated scarlet fever sera 
but increased four-fold at the time of presentation with 
ARF, suggesting perhaps a stronger immune response to the 
antigen compared to uncomplicated scarlet fever patients. 
The antibody titers to group A carbohydrate was 
significantly lower than those seen in scarlet fever 
patients who did not develop ARF. Inhibition studies with 
group A and group A variant carbohydrate clearly 
demonstrate that the majority of these antibodies are 
directed towards the group A specific nonreducing terminal 
N-acetylglucosamine residue on the group carbohydrate and 
not against the rhamnose backbone. 

The question of whether these carbohydrate antibodies 
promote opsonophagocytosis of group A Streptococci has 
been answered affirmatively and the degree of opsonization 
correlated well with the level of anti-carbohydrate 
antibodies. ELISA titers of less than 100,000 were 
generally ineffective while the majority of sera with 
titers greater than 200,000 promoted phagocytosis. An 
important observation was the fact that this 
opsonophagocytosis was not limited to one serotype of 
group A Streptococci since at least three other strains of 
different serotypes were also phagocytized. The 
importance of the role of the N-acetylglucosamine reactive 
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antibodies in opsonization was attested to by the fact 
that the absorption of these antibodies from human sera 
completely abolished the bactericidal activity of the sera 
and that, when these antibodies were eluted and added back 
to the bactericidal assays, killing was restored. 
5 Several observations concerning the kinetics of the 

bactericidal assay with human sera are worthy of comment. 
First, only small inocula of streptococci in the 
bactericidal assay were effective while larger inocula 
often overwhelmed the ability of human sera to opsonize 

10 the organisms. Secondly, the bactericidal activity 

primarily worked with undiluted sera in a manner similar 
to that observed by Dr. Lancefield in her studies of human 
sera and type specific antibodies (15,25,26). In 
contrast, animal sera immunized with a given type specific 

15 protein were effective even at dilutions of 1:20 or more. 

Example 2 

Comparison of group A carbohydrate reactive antibody 

20 titers in normal children: Our first efforts were directed 
towards determining whether or not normal children 
developed antibodies to group A Streptococcal carbohydrate 
and if the titer of these antibodies varied with the 
individual's age and the geographical area in which the 

95 individual lived. Accordingly, the group A carbohydrate 
reactive antibody titers were measured on sera obtained 
from normal 5 and 10 year olds in Trinidad (high 
streptococcal exposure) and compared with age matched 
children in New York (low streptococcal exposure) using 

30 the ELISA assay described in the materials and methods 

section. Figure 2 illustrates that by the age of 5 years, 
94% of the children from Trinidad exhibited antibody 
titers less than 1: 10,000 with an average antibody titer 
of 1:158,472. These antibody titers were not 

35 significantly different from the sera of children tested 
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at 10 years of age. In contrast, 5 year old children in 
the New York area exhibited significantly lower titers 
with an average of 1:6,100 which increased to 1:25,500 by 
the age of 10 years. Titers of children in the New York 
area in both age groups were clearly lower than the 
corresponding titers of children in Trinidad as 
demonstrated by the fact that 69% of the New York children 
had titers greater than 1:10,000. 

In order to determine whether the immune response to 
the group A carbohydrate was either of the IgG or IgM 
class, the following experiment was performed. Selected 
sera exhibiting high titers to the group A carbohydrate 
were appropriately diluted so that each serum gave a 
reading of 1.0 at 405 nm in the ELISA assay. Each serum 
was then tested with either affinity purified human 
anti-IgG or anti-IgM alkaline phosphatase conjugate 
secondary antibody. As seen in Table II the majority of 
the antibody detected against the streptococcal 
carbohydrate was of the IgG class and only minimal 
reactions were seen in the IgM class. 

TABLE II 

ELISA Determinations of IgG and IgM Antibody Titers 
to the Streptococcal CHO-Liposome Complex 



Patient 


Immunoglobulin Class 


IgG 


IgM 


1 


1,200, 000 


6000 


2 


640, 000 


2000 


3 


480, 000 


2000 


4 


360, 000 


2000 


5 


320,000 


1000 
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Each serum was appropriately diluted to give a reading of 
1.0 optical density at 405 nm in the ELI DA V reader. 

Example 3 

5 Partial structural determination of the group A reactive 
antibodies : Zimmerman et al (23) had previously 
demonstrated that some human sera contained antibodies 
reactive with the group carbohydrate isolated from group A 
variant streptococci and thus were directed at the poly- 

10 rhamnose backbone portion of the group A polysaccharide 
molecule. To determine the amount of these 
rhamnose-backbone reactive antibodies in comparison with 
antibodies reactive to the terminal N-acetylglucosamine 
group A determinant in individual serum, inhibition 

15 studies of normal sera using both group A and group A 

variant purified carbohydrates were performed. As before, 
the group A carbohydrate liposome complex was used to 
sensitize microtiter plates. A 100 pi of the appropriate 
serum was mixed with varying concentrations of 

20 carbohydrate and incubated for 1 hour in a 37 °C water 

bath. The mixture was then centrifuged at 10,000 RPM for 
5 minutes and the supernatant reacted in the ELISA assay. 
Controls included the serum mixed with saline. As shown 
in Figure 3, the majority of the antigroup A carbohydrate 

25 reactive antibody in normal sera was directed against the 
group A carbohydrate moiety, i.e. the N-acetylglucosamine 
determinant. Some inhibition was observed with the A 
variant carbohydrate but the amount needed to achieve the 
same degree of inhibition was 1,000-5,000 times greater 

30 than the group A carbohydrate. Since group A variant 
carbohydrate is contaminated with approximately 4% 
N-acetylglucosamine (compared to 36% for group A 
carbohydrate) , some of the detected inhibition could be 
reactive with the remaining N-acetylglucosamine. This 

35 showed that the majority of the immunoreactivity of the 
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sera was directed at the N-acetylglucosamine moiety which 
can be seen by the loss of group A antibody reactivity in 
the ELISA assay by the addition of purified 
N-acetylglucosamine (Sigma) • This can be directly 
compared with the lack of any inhibition by the addition 
5 of the closely related monosaccharide N-acetyl 
galactosamine . 

Example 4 

10 Comparison of anti-group A carbohydrate antibody titers in 
ARF vers us APSGN patients : To determine if anti-group A 
carbohydrate antibody titers differed in patients with 
well documented post streptococcal sequelae, serum samples 
obtained from acute rheumatic fever patients (ARF) were 

15 compared to sera obtained from acute post streptococcal 
glomerulonephritis patients (APSGN) . All sera were 
obtained from well documented ARF and AGN patients 
hospitalized in Trinidad and were drawn prior to treatment 
during the acute stages of the disease. Table III 

20 summarizes the results and it can be seen that there was 
an increased reactivity to group A carbohydrate in the 
sera of APSGN patients (<50%) compared to ARF patients at 
onset of disease. When compared to normal children in 
Trinidad, there was also a significant difference in 

25 titers between these patients and the titers of normal 
children in Trinidad (see Fig. 2) . 



30 



35 
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Example 5 



Determination of anti-group A carbohydrate antibody titers 
in patients with uncomplicated streptococcal infections 
versus ARF : Our collection of Great Lakes sera were 
obtained from patients all of whom had contracted scarlet 
fever at the Great Lakes Naval Training Station in 1946. 
A fraction of these patients went on to develop classical 
ARF, Accordingly, sera were selected from these patients 
as follows: 1) during the acute onset of scarlet fever, 2) 
during the convalescent stage of the scarlet fever (4 
weeks later), or 3) during the onset of ARF (3-4 weeks) 
after the acute streptococcal infection. Table III 
demonstrates that, in a small number of cases, reactivity 
to the group A carbohydrate increased during the 
convalescent stages of disease, when compared to the onset 
(defined as the time of presentation with scarlet fever) . 
These increases in antibody titer to the group A 
carbohydrate were seen in both the uncomplicated scarlet 
fever group as well as in those patients who developed ARF 
4 weeks after the onset of scarlet fever. While the 
number of cases studied were small, it is of interest that 
the titers to the group A carbohydrate were lower in ARF 
patients both at the onset of scarlet fever and at onset 
of rheumatic fever 4 weeks later when compared to the 
uncomplicated scarlet fever cases. 

Example 6 

Group A polysac charide - protein conjugates 

A. NaBH 4 reduction of the reducing termini of group 
A polysaccharide 

Purified group A polysaccharide (GASP) (100 mg) was 
dissolved in 10 ml water and the pH of the solution was 
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adjusted to 10 with 0.5 N NaOH. Solid NaBH 4 (100 mg) was 
added to the solution and following incubation of the 
reaction mixture at room temperature for two hours, the 
excess borohydride was destroyed with 1 M AcOH. The 
solution was dialyzed against water in the cold and 
lyophilized, affording 91 mg of reduced GASP. 

B. Introduction of a terminal aldehyde in the group 
A Polysaccharide by controlled periodate oxidation 

The reduced GASP (90 mg) was dissolved in 4.5 ml of 
water and then combined with 4.5 ml of 50 mM NaI0 4 . After 
3 0 min. at room temperature, the excess periodate was 
destroyed by the addition of 1 ml ethylene glycol and the 
solution was dialyzed against water in the cold and 
lyophilized, affording 73 mg of oxidized GASP. 

C. GASP-TT and GASP-HSA conjugates 

The oxidized GASP was linked to either monomeric 
tetanus toxoid (TT) (SSI, Copenhagen, Denmark) or human 
serum albumin (HSA) (Sigma) by reductive amination with 
NaBH 3 CN . 

Oxidized GASP (40 mg) and either monomeric TT (20 mg) 
or HSA (20 mg) were dissolved in 0.2 M phosphate buffer pH 
7.4 (0.7 ml). Following the addition of NaBH 3 CN (20 mg) , 
the reaction mixture was incubated at 37 °C for 4 days. 
The progress of the conjugation was monitored by HPLC of 
small aliquots of the reaction mixture analyzed on 
Superose-12 (Pharmacia) . The conjugates were purified by 
chromatography on a column of Superdex G-200 (Pharmacia) 
using PBS as an eluant. Fractions eluting from the column 
were monitored by a Waters R4 03 differential ref ractometer 
and by U.V. Spectroscopy at 28 0 nm. The fractions 
containing the group A polysaccharide-con jugates were 
pooled, dialyzed and lyophilized. The protein content of 
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the conjugates was estimated by the method of Bradford 
(Bradford, M.M., 1976. Anal. Biochem. 72:248-254) with 
human serum albumin as a standard. The carbohydrate 
content was measured by the method of Dubois et al . (31) 
with purified GASP as a standard. The TT conjugate 
contained 39% (w/w) carbohydrate and 61% (w/w) protein. 
Assuming an average molecular weight of 10,000 kilodaltons 
for the polysaccharide (as determined by HPLC on Superose- 
12 using dextrans as molecular weight markers and as 
measured by laser scattering as molecular weight markers) 
and a molecular weight of 150,000 kilodaltons for the 
monomer ic TT, the GASP-TT conjugate had a molar ratio of 
polysaccharide to TT of 9-10:1 respectively. 

Example 7 

Immunizations and immunoassays 

A. Immunization procedures 

A group of five New Zealand, white, female rabbits 
(7-8 weeks old) were vaccinated subcutaneously at two 
sites on the back (three times at three week intervals) 
with 10 meg of either uncoupled native group A 
polysaccharide or as -TT conjugate in a total volume of 
0,5 ml* The vaccines were given either unadsorbed or 
adsorbed on aluminum oxyhydroxide (Alhydrogel; Superfos, 
Denmark) or stearyl tyrosine (ST) , both a concentrations 
of 1.0 mg in alum or ST/ml saline. Thimerosal was added 
to the vaccines at a final concentration of 1/10,000. A 
group of five rabbits received the conjugate vaccine 
emulsified in complete Freund's adjuvant (Sigma 
Laboratories) for the first injection and in incomplete 
Freund for the following booster injections. Serum was 
collected from each animal on days 0, 21, 42, and 52. 
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B. ELISA 



Microtiter plates (Nunc Polysorb ELISA plates) were 
coated with 100 ng of GASP-HSA conjugate diluted to 1.0 
mcg/ml in PBS and plates were incubated at 37 °C for one 
hour* After coating, they were washed with PBS containing 
0.05% tween 2 0 (PBS-T) and blocked with 0.5% BSA in PBS 
for one hour at room temperature. The wells were then 
filled with 100 of serial 2-fold dilutions in PBS-T of 
rabbit antiserum and the plates were incubated for one 
hour at room temperature. After washing with PBS-T, the 
plates were incubated for 3 0 minutes at room temperature 
with 100 \ih of peroxidase-labeled goat anti-rabbit IgG 
(H&L) (Kirkegaard & Perry Laboratories) and then washed 
five times with PBS-T. Finally, 50 ptL of TMB peroxidase 
substrate (Kirkegaard & Perry Laboratories) were added to 
each well and following incubation of the plates for 10 
min. at room temperature, the reaction was stopped by the 
addition of 50 juL of 1 M H 3 P0 4 . The plates were read at 
450 mn with a Molecular Devices microplate reader 

using 650 nm as a reference wave length (see Table IV) . 

While we have herein before described a number of 
embodiments of this invention, it is apparent that the 
basic constructions can be altered to provide other 
embodiments which utilize the methods of this invention. 
Therefore, it will be appreciated that the scope of this 
invention is defined by the claims appended hereto rather 
than by the specific embodiments which have been presented 
herein before by way of example. 
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WE CLAIM: 



*lv An immunogenic composition comprising an 
immunogenic amount of group A polysaccharide of formula 
(I) 



[->2 ) -a-LRhap- ( 1^3 ) -a-L-Rhap- ( l->] n R 

3 

r (I) 

1 

B-D-GlcpNAc 



wherein R is a terminal reducing L-rhamnose or D-GlcpNAc; 
wherein n is a number sufficient to make the immunogenic 
composition large enough and of a sufficient average 
molecular weight to be immunogenic, and a carrier, wherein 
said composition provides protection in mammals against 
15 infection by group A Streptococcal bacteria. 

2. The immunogenic composition according to claim 1 
wherein n is from about 1 to about 50. 

20 3, The immunogenic composition according to claim 2 

wherein the group A polysaccharide has a molecular weight 
of about 10,000 Kd. 

"4. The immunogenic composition according to claim 1 
25 wherein said immunogenic composition is administered to an 
individual in a dosage amount of about 0.01 jug to about 10 
jug per kilogram of body weight. 

5. The immunogenic composition according to claim 1 
30 wherein the carrier is selected from the group consisting 
of saline, Ringer's solution, and phosphate buffered 
saline. 
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6. The immunogenic composition according to claim 5 
wherein the immunogenic composition further comprises an 
adjuvant. 

7. The immunogenic composition according to claim 6 
wherein the adjuvant is selected from the group consisting 
of aluminum hydroxide, aluminum phosphate, monophosphoryl 
lipid A, QS21 and stearyl tyrosine. 

"8.. An immunogenic polysaccharide-protein conjugate 
molecule comprising a group A polysaccharide of formula 
(I) 

[-+2) -a-L-Rhap- (1-3) -a-L-Rhap- ( 1-] R 

3 

T (I) 

1 

B-D-GlcpNAc 

wherein R is a terminal reducing L-rhamnose or D-GlcpNAc, 
and n is a number sufficiently large to provide an 
immunogenic response to the 6-D-GlcpNAc residue 
glycosidically linked to position 3 of rhamnose as shown 
in formula (I) and which defines an epitope which induces 
the formation of bactericidal antibodies, and wherein the 
polysaccharide is covalently linked to protein. 

9. The immunogenic polysaccharide-protein conjugate 
according to claim 8 wherein the polysaccharide is linked 
to protein through a secondary amine bond to form a 
conjugate of formula (II) 

[-2 ) -a-L-Rhap- ( 1-3 ) -a-L-Rhap- ( l->] n R' -CH 2 -NH-protein 

3 

* (II) 

1 

6-D-GlcpNAc 

wherein R' is the product of reduction and oxidation of 
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the terminal reducing sugar which is not represented in 
the -CH 2 -NH-protein secondary amine bond of formula II. 

10. The immunogenic polysaccharide-protein conjugate 
according to claim 9 wherein the protein is any native or 
recombinant bacterial protein. 

11. The immunogenic polysaccharide protein conjugate 
according to claim 10 wherein the protein is selected from 
the group consisting of tetanus toxoid, cholera toxin, 
diphtheria toxoid or CRM 197 . 

12. The immunogenic polysaccharide-protein conjugate 
according to claim 11 wherein the protein is tetanus 
toxoid . 

13. The immunogenic polysaccharide-protein conjugate 
according to claim 12 wherein n is about 1 to about 50. 

v 14. The immunogenic polysaccharide-protein conjugate 
according to claim 13 wherein n is from about 3 to about 
30. 

15. The immunogenic polysaccharide-protein conjugate 
according to claim 14 wherein the polysaccharide has a 
molecular weight of about 10,000 kd. 

16. The protein-polysaccharide conjugate according 
to claim 8 wherein the protein of the conjugate comprises 
a T-cell epitope and is at least of a length of about 10 
amino acids. 

i7„. A vaccine for providing protection against 
infection by group A Streptococcus comprising an 
immunogenic amount of group A polysaccharide of formula 
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(I) 



[-2 ) -a-L-Rhap- ( 1-3 ) -a-L-Rhap- { 1-] n R 

3 

1 (I) 
B-D-GlcpNAc 

wherein R is a terminal reducing L-Rhamnose or D-GlcpNac, 
and n is a number sufficiently large to provide an 
immunogenic response to the B-D-GlcpNAc residue 
glycosidically linked to position 3 of rhamnose as shown 
in formula (I) and which defines an epitope which induces 
the formation of bactericidal antibodies, and a carrier, 
wherein said composition provides protection in mammals 
against infection by group A Streptococcal bacteria. 

Ya. The vaccine according to claim 17 wherein the 
immunogenic composition comprises a group A polysaccharide 
of formula (I) 

[-2 ) -a-L-Rhap- ( 1-3 ) -a-L-Rhap- ( 1-] n R 

3 

1 (I) 

6-D-GlcpNAc 

wherein R is a terminal reducing L-Rhamnose or D-GlcpNAc, 
and n is a number from 1 to 50, and wherein the 
polysaccharide is covalently linked to protein. 

19. The vaccine according to claim 18 wherein the 
polysaccharide is linked to protein through a secondary 
amine bond to form a conjugate of formula (II) 

[-2 ) -a-L-Rhap- ( 1-3 ) -a-L-Rhap- ( 1-] R' -CK 2 -NH-protein 

3 
t 
1 

3-D-GlcpNAc fn] 
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wherein R' is the product of reduction and oxidation of 
the terminal reducing sugar which is not represented in 
the -CH 2 -NH-protein secondary amine bond of formula II. 

20* The vaccine according to claim 19 wherein the 
protein is any native or recombinant bacterial protein. 

21 ♦ The vaccine according to claim 20 wherein the 
protein is selected from the group consisting of tetanus 
toxoid, cholera toxin, diphtheria toxoid, and CRM 197 . 

22, The vaccine according to claim 12 wherein the 
protein of the polysaccharide-protein conjugate is tetanus 
toxoid. 

~23. The vaccine according to claim 22 wherein n of 
the polysaccharide-protein conjugate is from about 3 to 
about 30. 

24. The vaccine according to claim 23 wherein the 
polysaccharide in the conjugate the vaccine has a 
molecular weight of about 10,000 Kd. 

25. The vaccine according to claim 24 wherein the 
vaccine is administered to an individual in a dosage 
amount of about 0.01 \xq to about 10 /zg per kilogram of 
body weight. 

26. A method of immunizing a mammal against 
infection by group A Streptococcal bacteria comprising 
administering to an individual an immunogenic amount of 
the polysaccharide of formula (I) 

[-2 ) -a-L-Rhap- ( 1^3 ) -a-L-Rhap- ( 1-] n R 

3 
t 
1 

B-D-GlcpNAc m 
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wherein R is a terminal reducing L-rhamnose or D-GlcpNAc; 
and n is a number sufficient to make the group A 
polysaccharide large enough and of an average molecular 
weight to be immunogenic. 

The method according to claim 26 wherein n is 
from about 1 to about 50. 

2B^ The method according to claim 27 wherein n is 
from about 3 to about 30. 

29. The method of immunizing according to claim 28 
wherein the group A polysaccharide has a molecular weight 
of about 10,000 Kd. 

30. The method of immunizing according to claim 29 
wherein the group A polysaccharide is administered in a 
dosage amount of about 0.10 /xg to about 10 jxg per kilogram 
of body weight. 

31. The method of immunizing according to claim 30 
wherein polysaccharide is administered with a carrier 
selected from the group consisting of saline, Ringer's 
solution and phosphate buffered saline. 

32. The method of immunizing according to claim 31 
wherein the polysaccharide further comprises an adjuvant. 

33. The method of immunizing according to claim 32 
wherein the adjuvant is selected from the group consisting 
of aluminum hydroxide, aluminum phosphate, monophosphoryl 
lipid A, QS21 and stearyl tyrosine. 

34. The method of immunizing according to claim 26 
wherein the mammal is human. 
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35. The method of immunizing according to claim 34 
wherein the human is a child. 

*5r^. An immunogenic conjugate molecule comprising a 
group A polysaccharide of formula (I) 

|>2 ) -a-L-Rhap- ( 1-3 ) -a-L-Rhap- ( 1-+] n R 

3 

6-D-GlcpNAc 

wherein R is a terminal reducing L-rhamnose or D-GlcpNAc, 
and n is a number sufficiently large to provide an 
immunogenic response to the 6-D-GlcpNAc residue 
glycosidically linked to position 3 of rhamnose as shown 
in formula (I) and which defines an epitope which induces 
the formation of bactericidal antibodies, covalently 
linked to liposomes to form the conjugate molecules. 

37. The polysaccharide-liposome conjugate of claim 
3 6 wherein the liposomes are constructed of cationic 
lipids . 

38. The polysaccharide-liposome conjugate of claim 

37 wherein the liposomes are comprised of 
phosphat idy lethanolamine . 

39. The polysaccharide-liposome conjugate of claim 

38 wherein the group A polysaccharide has a molecular 
weight of about 10 , 000 Kd. 

40 v The polysaccharide-liposome conjugate of claim 

39 wherein said immunogenic complex is administered to an 
individual in a dosage amount of about 0.01 fig to about 10 
Mg per kilogram of body weight. 
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41. The conjugate according to claim 36 wherein the 
polysaccharide-liposome conjugate further comprises 
protein embedded in said liposome* 

42. A method of immunizing against infection by 
group A Streptococcal bacteria by administering an 
immunogenic amount of the composition according to claim 
37. 

43. The method of immunizing according to claim 42 
wherein the liposome is compromised of 

phosphatidylethanolamine and the polysaccharide is liked 
to phosphatidylethanolamine through a secondary amine bond 
to from a conjugate of formula III 

[-2 ) -a-L-Rhap- ( 1-3 ) -a-L-Rhap- ( l-*] n R' -CH 2 -NH-R 2 

3 

t (III) 

1 

B-D-GlcpNAc 

wherein R' is the product of reduction and oxidation of 
the terminal reducing sugar except for the portion of the 
terminal reducing sugar bound to the NH group of the 
secondary amine bond of formula III, and R 2 is 
phosphatidylethanolamine . 

The method of immunizing according to claim 43 
wherein n is from about 1 about 50. 

45. The method of immunizing according to claim 44 
wherein the polysaccharide has a molecular weight of about 
10,000 Kd. 

46. The method of immunizing according to claim 45 
wherein the polysaccharide-liposome conjugate is 
administered to an individual in a dosage amount of about 
0.01 /zg to about 10 /xg per kilogram of body weight. 
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47. The method of immunizing according to claim 46 
wherein the polysaccharide-liposome conjugate is 
administered with a carrier selected from the group 
consisting of saline, Ringer's Solution and phosphate 
buffered saline. 

48. The method of immunizing according to claim 46 
wherein the polysaccharide-liposome composition further 
comprises an adjuvant. 

49. The method of immunizing according to claim 48 
wherein the adjuvant is selected from the group consisting 
of aluminum hydroxide, aluminum phosphate, monophosphoryl 
lipid A, QS21 and stearyl tyrosine. 

50. The method of immunizing according to claim 49 
wherein the adjuvant is selected from the group consisting 
of aluminum hydroxide, aluminum phosphate, monophosphoryl 
lipid A, QS21 and stearyl tyrosine. 

\ 51. A vaccine according to claim 18 wherein the 
immunogenic composition comprises a group A polysaccharide 
of formula (I) 

[-2 ) -a-L-Rhap- ( 1-3 ) -a-L-Rhap- ( n R 

3 
t 

1 (I) 
6-D-GlcpNAc 

wherein R is a terminal reducing L-Rhamnose or D-GlcpNAc 
and n is a number sufficiently large to provide an 
immunogenic response to the 3-D-GlcpNAc residue 
glycosidically linked to position 3 of rhamnose as shown 
in formula (I) and which defines an epitope which induces 
the formation of bactericidal antibodies, and wherein the 
polysaccharide is covalently linked to liposomes. 



Express Mail Label No. 
EI086496261TJS 



10 



15 



- 51 - 

^ 52. The vaccine according to claim 51 further 
comprising native or recombinant bacterial protein 
embedded in the liposomes. 

^ 53. The vaccine according to claim 52 wherein the 
bacterial protein is tetanus toxoid. 

^54. The vaccine according to claim 53 wherein n of 
the polysaccharide-liposome composition is between about 1 
and 50. 

U 55. The vaccine according to claim 54 wherein the 
polysaccharide-liposome composition of the vaccine has a 
molecular weight of about 10,000 Kd. 

56. The vaccine according to claim 55 wherein the 
vaccine is administered to an individual in a dosage 
amount of about 0.01 jug to about 10 \iq per kilogram of 
body weight. 

57. An immune composition for conferring passive 
immunity comprising bactericidal antibodies from group A 
streptococcal bacteria wherein said antibodies are 
produced by immunizing an individual with any of the 
immunogenic compositions of any one of claims 1, 8, 37, 
and 42 . ' 

58. The immune composition according to claim 57 
wherein the bactericidal antibodies are present in serum, 
a gamma globulin fraction or a purified antibody 
preparation. 

59. A method of conferring passive immunity to an 
individual ; an immunogenic amount of the immune composition 
according to claim 57. 

35 s j \ r Mf f / , ( - 
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60. A method of covalently linking group A 
polysaccharide of formula I 

[-2 ) -a-L-Rhap- ( 1-3 ) -a-L-Rhap- ( 1-] n R 

3 

* (I) 
1 

B-D-GlcpNAc 

wherein R is a terminal reducing L-rhamnose or D-GlcpNAc, 
and n is a number of repeat units sufficiently large to 
define a polysaccharide of sufficient average molecular 
weight to be immunogenic, and a liposome comprising 
phosphatidy lethanolamine comprising: 

a) forming liposome of phosphatidy lethanolamine; 

b) activating cfrbiip A polysaccharide by reducing 
the terminal sugar and oxidizing the reduced sugar to form 
a terminal aldehyde; 

c) combining the activated group A polysaccharide 
and the liposomes and covalently linking the group A 
polysaccharide to the liposome by reductive amination to 
form a group A polysaccharide-liposome conjugate; and 

d) recovering the group A polysaccharide - liposome 
conjugate. 
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ABSTRACT 



This invention provides a novel immunogenic 
composition and vaccine , processes for producing them and 
methods for immunization against infections and disease 
caused by group A Streptococci. The compositions include 
group A streptococcal polysaccharide covalently linked to 
protein or liposomes to form immunogenic conjugates. 

The method of immunization for this invention 
comprises administering to an individual an immunogenic 
amount of group A polysaccharide* The group A 
polysaccharide may be administered as a vaccine either on 
its own, conjugated to proteins or conjugated to 
liposomes. Additionally, the group A polysaccharides may 
be associated with an adjuvant. This invention is 
particularly useful for providing both active and passive 
immunogenic protection for those populations most at risk 
of contracting group A Streptococcal infections and 
disease namely adults, pregnant women and in particular 
infants and children. 
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PATENT 



Docket No. 2016-4005 



COMBINED DECLARATION AND POWER OF ATTORNEY FOR 
ORIGINAL, DESIGN, NATIONAL STAGE OF PCT, SUPPLEMENTAL, 
DIVISIONAL. CONTINUATION OR CONTINUATION-IN-PART APPLICATION 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

1 believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is sought 
on the invention entitled: 

GROUP A STREPTOCOCCAL POLYSACCHARIDE IMMUNOGENEIC COMPOSITIONS 

AND METHODS 

the specification of which 

a. [ ] is attached hereto 

b. [X] was filed on April 21. 1994 as application Serial No. 08/23 1.229 and was amended on 

. (if applicable). 

PCT FILED APPLICATION ENTERING NATIONAL STAGE 

c. [ ] was described and claimed in International Application No. filed on and as 

amended on . (if any). 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this application in accordance 
with Title 37, Code of Federal Regulations, § 1.56(a). 

[ ] I hereby claim foreign priority benefits under Title 35, United States Code § 119 of any foreign 
applications) for patent or inventor's certificate listed below and have also identified below any foreign application 
for patent or inventor's certificate having a filing date before that of the application on which priority is claimed: 

[ ] The attached 35 U.S. C. § 119 claim for priority for the U.S. application(s) listed below forms a part 
of this declaration. 



Application Date of filing Date of issue Priority 

Country Number (day, month, vr* (day, month. vr> Claimed 

r 1 YES T 1 NO 

r 1 YES f 1 NO 

r i yes r i no 
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ADDITIONAL STATEMENTS FOR 
DIVISIONAL. CONTINUATION OR CONTINUATION-IN-PART 

I hereby claim the benefit under Title 35, United States Code § 120 of any United States application^) listed below. 



Application Serial No. Filing Date Status (patented, 

pending, abandoned) 



Application Serial No. Filing Date Status (patented, 

pending, abandoned) 

[ ] In this continuation-in-part application, insofar as the subject matter of any of the claims of this 
application is not disclosed in the prior United States application in the manner provided by the first paragraph of 
Title 35, United States Code, § 112, I acknowledge the duty to disclose material information as defined in Title 37, 
Code of Federal Regulations, § 1.56(a) which occurred between the filing date of the prior application and the 
national or PCT international filing date of this application. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or Imprisonment, or both, under Section 1001 
of Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 

I hereby appoint the following attorneys and/or agents with full power of substitution and revocation, to prosecute 
this application, to receive the patent, and to transact all business in the Patent and Trademark Office connected 
therewith: Jerome G. Lee (Reg. No. 16,967), John D. Foley (Reg. No. 16,836), John A. Diaz (Reg. No. 19,550), 
Thomas P. Dowling (Reg. No. 19,221), John C. Vassil (Reg. No. 19,098), Warren H. Rotert (Reg. No. 19,659), 
Alfred P. Ewert (Reg. No. 19,887), David H. Pfeffer, P.C. (Reg. No. 19,825), Harry C. Marcus (Reg. No. 
22,390), Robert E. Paulson (Reg. No. 21,046), Stephen R. Smith (Reg. No. 22,615), Kurt E. Richter (Reg. No. 
24,052), J. Robert Dailey (Reg. No. 27,434), Eugene Moroz (Reg. No. 25,237), John F. Sweeney (Reg. No. 
27,471), Arnold I. Rady (Reg. No. 26,601), Christopher A. Hughes (Reg. No. 26,914), William S. Feiler (Reg. 
No. 26,728), Joseph A. Calvaruso (Reg. No. 28,287), James W. Gould (Reg. No. 28,859), Richard C. Komson 
(Reg. No. 27,913), Israel Blum (Reg. No. 26,710), Bartholomew Verdirame (Reg. No. 28,483), Maria C. H. Lin 
(Reg. No. 29,323), Joseph A. DeGirolamo (Reg. No. 28,595) and Christopher E. Chalsen (Reg. No. 30,936) of 
Morgan & Finnegan whose address is: 345 Park Avenue, New York, New York 10154. 

[ ] I hereby authorize the U.S. attorneys and/or agents named hereinabove to accept and follow instructions 
from 

. as to any action to be taken in the U.S. Patent and Trademark Office regarding this 

application without direct communication between the U.S. attorneys and/or agents and me. In the event 
of a change in the person(s) from whom instructions may be taken I will so notify the U.S. attorneys 
and/or agents named hereinabove. 
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I hereby specify the following as the correspondence address to which all communications about this application are 
to be directed: 



SEND CORRESPONDENCE TO: 

MORGAN & FINNEGAN, 345 Park Avenue, New York, N.Y. 10154 

DIRECT TELEPHONE CALLS TO: Kenneth H. Sonnenfeld. Esq. 

(212) 758-4800 



Full name of sole or first inventor MILAN S. BLAKE 




Inventor's signature* ^f- yCL£~^/C^ ^//// fY 

date 

Residence 504 E. 63rd Street. New York. New York 10021 . 

Citizenship United States of America 

Post Office Address 504 E. 63rd Street. New York. New York 10021 



Full name of second joint inventor, if any JOHN B. ZABRISKIE 



Inventor's signature* — P> ^aluXS^ *7 / If j °j ^ 

Residence 1385 York Avenue. New York. New York 10021 



Citizenship United States of America 



Post Office Address 1385 York Avenue. New York. New York 10021 



[X] ATTACHED IS ADDED PAGE TO COMBINED DECLARATION AND POWER OF ATTORNEY FOR 
SIGNATURE BY THIRD AND SUBSEQUENT INVENTORS FORM. 



* Before signing this declaration, each person signing must: 

1. Review the declaration and verify the correctness of all information therein; and 

2. Review the specification and the claims, including any amendments made to the claims. 

After the declaration is signed, the specification and claims are not to be altered. 
To the inventor(s): 

The following are cited in or pertinent to the declaration attached to the accompanying application: 
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ADDED PAGE TO COMBINED DECLARATION 
AND POWER OF ATTORNEY FOR SIGNATURE 
BY THIRD AND SUBSEQUENT INVENTORS 



Full name of third joint inventor, if any JOSEPH Y. TAI 



Inventor's signature* ^^^Sl — VQV % | £ \ °{ 

Residence 1370 Cinnamon Drive. Fort Washington. Pennsylvania 19034 

Citizenship United States of America 

Post Office Address 1370 Cinnamon Drive. Fort Washington, Pennsylvania 19034 

Full name of fourth joint inventor, if any FRANCIS MICHON 

Inventor's signature* \/^Ta /I ^ // c L £>? / 0t / £ *~\ 

date 

Residence 9735 Country Meadows Lane. Laurel. Maryland 20723 

Citizenship Canada 

Post Office Address 9735 Country Meadows Lane. Laurel. Maryland 20723 



Full name of fifth joint inventor, if any 
Inventor's signature* 



date 

Residence 



Citizenship 



Post Office Address 



* Before signing this declaration, each person signing must: 

1 . Review the declaration and verify the correctness of all information therein; and 

2. Review the specification and the claims, including any amendments made to the 
claims. ■ - 

After the declaration is signed, the specification and claims are not to be altered. 

FORM: ADDED-PG .DEC 
Rev. 1/1/93 

- 3a - 
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Title 37, Code of Federal Regulation, §1.56 



Duty to disclose information material to patentability 

(a) A patent by its very nature is affected with a public interest. The public interest is best served, 
and the most effective patent examination occurs when, at the time an application is being examined, the Office is 
aware of and evaluates the teachings of all information material to patentability. Each individual associated with 
the filing and prosecution of a patent application has a duty of candor and good faith in dealing with the Office, 
which includes a duty to disclose to the Office all information known to that individual to be material to patentability 
as defined in this section. The duty to disclose information exists with respect to each pending claim until the claim 
is canceled or withdrawn from consideration, or the application becomes abandoned. Information material to the 
patentability of a claim that is canceled or withdrawn from consideration need not be submitted if the information 
is not material to the patentability of any claim remaining under consideration in the application. There is no duty 
to submit information which is not material to the patentability of any existing claim. The duty to disclose all 
information known to be material to patentability is deemed to be satisfied if all information known to be material 
to patentability of any claim issued in a patent was cited by the Office or submitted to the Office in the manner 
prescribed by §§1.97(b)-(d) and 1.98. However, no patent will be granted on an application in connection with 
which fraud on the Office was practiced or attempted or the duty of disclosure was violated through bad faith or 
intentional misconduct. The Office encourages applicants to carefully examine: 

(1) prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) the closest information over which individuals associated with the filing or prosecution 
of a patent application believe any pending claim patentably defines, to make sure that any 
material information contained therein is disclosed to the Office. 

Title 35. U.S. Code § 101 

Inventions patentable 

Whoever invents or discovers any new and useful process, machine, manufacture, or composition of matter, 
or any new and useful improvement thereof, may obtain a patent therefor, subject to the conditions and requirements 
of this title. 

Title 35 U.S. Code § 102 

Conditions for patentability; novelty and loss of right to patent 
A person shall be entitled to a patent unless — 

(a) the invention was known or used by others in this country, or patented or described in a printed 
publication in this country, more than one year prior to the date of the application for patent in the United States, 
or 

(b) the invention was patented or described in a printed publication in this or foreign country or in 
public use or on sale in this country, more than one year prior to the date of application for patent in the United 
States, or 

(c) he has abandoned the invention, or 

(d) the invention was first patented or caused to be patented, or was the subject of an inventor's 
certificate, by the applicant or his legal representatives or 

assigns in a foreign country prior to the date of the application for patent in this country on an application for patent 
or inventor's certificate filed more than twelve months before the filing of the application in the United States, or 

(e) the invention was described in a patent granted on an application for patent by another filed in the 
United States before the invention thereof by the applicant for patent, or on an international application by another 
who has fulfilled the requirements of paragraphs (1), (2), and (4) of section 371(c) of this title before the invention 
thereof by the applicant for patent, or 

(f) he did not himself invent the subject matter sought to be patented, or 
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(g) before the applicant's invention thereof the invention was made in this country by another who had 
not abandoned, suppressed, or concealed it. In determining priority of invention there shall be considered not only 
the respective dates of conception and reduction to practice of the invention, but also the reasonable diligence of 
one who was first to conceive and last to reduce to practice, from a time prior to conception by the other . . . 

Title 35. U.S. Code § 103 

Conditions for patentability; non-obvious subject matter 

A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are such 
that the subject matter as a whole would have been obvious at the time the invention was made to a person having 
ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the manner 
in which the invention was made. 

Subject matter developed by another person, which qualifies as prior art only under subsection (f) or (g) 
of section 102 of this title, shall not preclude patentability under this section where the subject matter and the 
claimed invention were, at the time the invention was made, owned by the same person or subject to an obligation 
of assignment to the same person. 

Title 35. U.S. Code § 112 (in pari) 

Specification 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise and exact terms as to enable any person skilled in the art to which 
it pertains, or with which it is most nearly connected, to make and use the same, and shall set forth the best mode 
contemplated by the inventor of carrying out his invention. 

Title 35. U.S. Code. S 119 

Benefit of earlier filing date in foreign country; right of priority 

An application for patent for an invention filed in this country by any person who has, or whose legal 
representatives or assigns have, previously regularly filed an application for a patent for the same invention in a 
foreign country which affords similar privileges in the case of applications filed in the United States or to citizens 
of the United States, shall have the same effect as the same application would have if filed in this country on the 
date on which the application for patent for the same invention was first filed in such foreign country, if the 
application in this country is filed within twelve months from the earliest date on which such foreign application 
was filed; but no patent shall be granted on any application for patent for an invention which had been patented or 
described in a printed publication in any country more than one year before the date of the actual filing of the 
application in this country, or which had been in public use or on sale in this country more than one year prior to 
such filing. 

Title 35. U.S. Code. S 120 

Benefit or earlier filing date in the United States 

An application for patent for an invention disclosed in the manner provided by the first paragraph of section 
1 12 of this title in an application previously filed in the United States, or as provided by section 363 of this title, 
which is filed by an inventor or inventors named in the previously filed application shall have the same effect, as 
to such invention, as though filed on the date of the prior application, if filed before the patenting or abandonment 
of or termination of proceedings on the first application or an application similarly entitled to the benefit of the filing 
date of the first application and if it contains or is amended to contain a specific reference to the earlier filed 
application. 

Please read carefully before signing the Declaration attached to the accompanying Application. 

If you have any questions, please contact Morgan & Finnegan 

FORM: COMB-DEC.NY 
Rev. 1/1/93 
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